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Abstract:	This	paper	analyses	two	main	renovations	of	a	University	building	façade	retrofit	from	the	viewpoint	
of	annual	daylighting	 improvement.	Currently,	 this	building	consists	of	some	teaching	rooms	connected	by	a	
hall	but	 it	 is	expected	that	this	arrangement	will	change	 in	order	to	accommodate	two	open-plan	spaces	for	
architecture	students.	The	renovated	design	will	increase	the	height	of	the	North-East	windows	and	introduce	
shading	 devices	 on	 the	 South-West	 facade.	 These	 renovations	 were	 explored	 to	 determine	 if	 the	 internal	
luminous	conditions	will	maintain	adequate	levels.	Five	degrees	of	visual	screening	(100,	90,	70,	45	and	34%)	
and	 two	 slats	 positions	 (horizontal	 and	 vertical)	were	 evaluated	 in	 relation	 to	 the	building	with	no	 screens.	
Climate-based	daylight	modelling	(CBDM)	was	carried	out	by	using	Diva-for-Grasshopper.	The	study	revealed	
that	 effectiveness	 of	 convergence	 testing	 depends	 strongly	 on	 the	 choice	 of	 CBDM	metrics	 employed	 as	 a	
diagnostic	–	an	important	consideration	when	modelling	light	transfer	through	louvres.	Results	recommended	
using	 louvred	 panels	 with	 no	 more	 than	 70%	 of	 visual	 screening	 as	 higher	 percentages	 decrease	 useful	
illuminances	 over	 the	 range	 300-3000	 lux	 (UDI-a),	 to	 less	 than	 50%	 of	 the	 occupancy	 time.	 Furthermore,	
vertical	louvres	were	better	suited	to	increase	UDI-a	than	horizontal	slats.	
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Introduction		
Loughborough	 University	 is	 a	 public	 research	 university	 located	 in	 Loughborough,	
Leicestershire.	Keith	Green	Building	 (KGB)	 is	a	 campus	building	and	currently	has	multiple	
functions	 for	 students.	 It	 consists	 of	 two	 levels,	 each	 one	 with	 some	 teaching	 rooms	
connected	by	a	hall.	However,	this	distribution	will	change	shortly	in	order	to	accommodate	
two	main	open-plan	spaces	 (with	566	m2	at	each	 level)	 for	architecture	students.	For	 this	
renovation,	some	recommendations	will	be	 taken	 into	account	 to	 improve	the	daylighting	
performance	of	the	new	distributed	spaces.		
Because	the	amount	of	sky	visible	at	the	workplane	is	a	governing	factor	for	general	
illumination,	 it	 is	 common	 to	 estimate	 the	 `no-sky	 line’	 i.e.	 that	 point	 on	 the	 workplane	
where	 the	 sky	 just	 ceases	 to	 be	 visible.	 If	 there	 is	 no	 obvious	 external	 horizon	 then,	 it	 is	
assumed	that	daylight	can	penetrate	into	a	space	a	distance	twice	that	of	the	floor	to	ceiling	
height.	 In	 KGB,	 	 the	 no-sky	 line	 position	 is	 only	 a	 few	meters	 away	 from	 the	 North-East	
window	with	the	existing	glazing.	This	shadow	depth	position	is	because	of	the	combination	
of	 the	 low	window	 head	 height	 and	 the	 roof	 ridge	 line	 of	 the	 nearby	 opposing	 building.	
Increasing	the	window	head	height	would	significantly	shift	the	no-sky	line	position	to	much	
deeper	in	the	space.	The	much	greater	direct	visibility	of	the	sky	that	this	increased	window	
head	height	would	afford	will	add	significantly	to	the	daylight	 illumination	deeper	into	the	
space.	Accordingly,	this	work	tests	the	current	glazing	 in	relation	to	the	 increased	window	
head	height.	The	aim	is	to	review	the	daylight	illumination	achieved	with	this	renovation.		
Added	to	this,	narrative	evidence	collected	from	previous	occupants	showed	that	KGB	
spaces	present	a	high	risk	of	over-heating	due	to	the	effect	of	solar	radiation.	This	situation	
has	 reinforced	 the	 need	 to	 protect	 the	 glazing	 in	 the	 KGB,	 mostly	 in	 the	 South-West	
orientation	 where	 the	 façade	 is	 highly	 glazed.	 Consequently,	 the	 renovated	 design	 will	
introduce	 some	 shading	devices,	placed	 in	 front	of	 the	South-West	 façade.	Depending	on	
the	 type	 and	 reflective	 nature	 of	 the	 selected	 shading	 system,	 undesirable	 effects	 for	
daylighting	tend	to	occur	 in	the	spaces.	Therefore,	this	work	tests	different	alternatives	of	
louvred	panels	 to	guarantee	 that	 the	 internal	 luminous	 conditions	will	maintain	adequate	
levels.	Hence,	 the	aim	 is	 to	evaluate	 the	effect	of	changing	 the	degree	of	visual	 screening	
and	 the	 position	 of	 the	 slats	 on	 the	 louvred	 panels	 in	 the	 daylight	 illuminances	 for	 tasks	
relative	to	the	KGB	with	no	solar	shading	devices.	
Methodology	
A	3D	model	of	the	KGB	is	constructed	in	Rhino	in	two	stages.	First,	the	current	status	(CUR)	
of	 the	 KGB	 glazing	 is	 considered.	 As	 shown	 in	 Figure	 1,	 KGB	 has	 one	 double	 clear	 glazed	
façade	oriented	towards	South-West.	Currently,	KGB	also	has	some	different	sized	windows	
within	 a	 translucent	 panel	 facing	 North-East;	 the	 other	 two	 façades	 are	 composed	 of	
different	 materials	 and	 window-wall-ratios	 properly	 modelled.	 In	 the	 second	 stage,	 the	
existing	windows	 at	 the	North-East	 façade	 are	 replaced	with	new	 ribbon	windows	with	 a	
higher	 head	 height.	 This	 last	 status	 is	 considered	 as	 the	 reference	 model	 (REF)	 for	
subsequent	comparison	with	the	CUR	model	and	with	the	implementation	of	louvred	panels.	
Building	surroundings	are	also	modelled.	Reflectance	and	transmittance	of	all	 interior	and	
outdoor	 surfaces	 are	 defined	 in	 Table	 1.	 These	 values	 have	 been	 taken	 from	 the	 custom	
Diva	library	materials,	except	for	the	translucent	panel	used	in	the	North-East	walls.	For	this	
material,	measurements	of	diffuse	reflection	and	diffuse	transmission	were	taken	on	site	to	
characterize	it	as	a	'Radiance	Trans	Material'	by	using	the	Gen	Trans	Widget	(McNeil	2016).		
	
Figure	1.	View	and	plans	of	KGB.	
	
Different	alternatives	of	louvred	panels	are	selected	from	a	catalogue	commonly	used	
in	the	UK	market	and	which	has	great	potential	to	be	used	in	this	renovation.	An	important	
point	to	check	in	these	panels	is	the	degree	of	visual	screening	or	through-visibility.	This	will	
ensure	not	merely	that	solar	shading	 is	achieved	but	also	that	daylighting	 is	still	available.	
Here,	 the	main	 focus	 is	 to	evaluate	the	effect	of	 the	degree	of	visual	screening	on	annual	
daylighting	performance.	Five	degrees	of	visual	screenings	are	studied:	100,	90,	70,	45	and	
34%.	The	louvred	panels	are	placed	in	front	of	the	South-West	glazed	façade,	covering	the	
exterior	corridor.	As	Figure	2a	shows,	the	section	louvre	is	40×2	mm	and	the	vertical	bar	is	
30×2	mm.	 The	 louvres	 are	 inclined	 45˚	and	 spaced	 at	 different	 increments	 to	 provide	 the	
desired	amount	of	visual	screening	and	free	area.	Horizontal	louvres	(H)	are	generally	better	
for	controlling	the	solar	gain	and	allowing	views	to	the	exterior,	nonetheless	vertical	louvres	
(V)	might	work	better	on	 the	East	and	West	elevations.	Therefore,	 two	slats	positions	are	
compared	 due	 to	 their	 use	 on	 the	 South-West	 glazed	 façade.	 Accordingly,	 the	 horizontal	
louvres	 described	 above	 are	 positioned	 vertically	 and	 rotated	 45˚	 clockwise,	 as	 Figure	 2b	
displays.	Table	2	specify	the	main	characteristics	of	the	tested	louvred	panels.	
	
Table	1.	Material	characteristics	of	the	3D	model.	
	 Reflectance	 	 Transmittance	
Ceiling	 80	 Translucent	panel	 12	
Floor	 40	 Skylights	 12	
Wall	 50	 Double	clear	glazing	 80	
Frame	windows,	stairs	 25	 	 	
Louvres	at	top	 40	 	 	
Louvred	panel	 40	 	 	
Outside	ground	floor	 20	 	 	
Outside	façade	 30	 	 	
	
Table	2.	Characteristics	of	the	louvred	panels.	
Visual	screening	(%)	 100	 90	 70	 45	 34	
	
Free	area	(%)	 60	 63	 65	 67	 67	
Louvre	centres	(mm)	 22	 33	 44	 66	 88	
Clear	space	(mm)	 0	 3	 14	 36	 58	
Louvre	section	(mm)	 40×2	 40×2	 40×2	 40×2	 40×2	
	
Figure	2.	Louvred	panels.	
	
Daylight	 simulations	 are	 performed	with	 Diva-for-Grasshopper	 (Reinhart	 &	Wienold	
2011).	The	daylighting	performance	is	evaluated	at	the	first	and	ground	floor	levels,	so	two	
reference	planes	are	used,	as	blue	grids	 in	Figure	1	 shows.	Each	 reference	plane	contains	
512	sensors,	located	at	0.80	m	above	the	floor’s	level,	spaced	1	m	each	and	placed	0.50	m	
apart	 from	walls.	The	occupancy	schedule	 is	set	 to	be	8-18	h	and	the	weather	 file	used	 is	
EPW	 for	 Birmingham.	 The	 simulation	 results	 were	 expressed	 with	 the	 following	 CBDM	
metrics:	
• sDA	 and	DA	with	 three	 thresholds	 recommended	 for	 educational	 buildings	 (SLL	 2012):	
300	lux	if	the	main	activities	will	be	lecture	and	computer	practice,	500	lux	if	the	tasks	will	
be	relative	to	art	and	CAD	workstations,	and	750	lux	if	technical	drawing	will	be	a	priority.	
Besides,	sDA300	must	meet	at	 least	55%	and	75%	of	the	workplane	for	an	‘acceptable’	and	
‘preferred’	space,	respectively	(USGBC	2015).	DA300	must	meet	at	least	50%	of	the	occupied	
hours	for	a	good	daylighting	(in	short	DA300,50%)(IESNA	2013).	
• Useful	Daylight	Illuminance	(UDI)	with	four	bins:	<100	lx	(non-sufficient,	UDI-n),	100-300	
lx	(supplementary,	UDI-s),	300-3000	lx	(autonomous,	UDI-a)	and	>3000	lx	(exceeded,	UDI-x).	
The	UDI-a	is	subdivided	into	three	bins	to	be	coupled	with	the	sDA	targets:	300-500	lux,	500-
750	lux	and	750-3000	lux.	
Test	of	Radiance	simulation	parameters	
To	make	sure	that	the	simulation	parameters	are	appropriate	for	the	specific	louvred	panels	
tested	 in	 this	work,	 a	 preliminary	 parameters	 calibration	was	 carried	 out.	 This	 evaluation	
consisted	 in	 running	 simulations	 of	 the	 3D	 model	 with	 the	 most	 complex	 louvred	 panel	
(100%	 of	 visual	 screening)	 placed	 in	 front	 of	 the	 South-West	 façade.	 The	 daylighting	
performance	is	evaluated	in	32	sensors	distributed	in	a	centred	line	at	ground	floor.	These	
sensors	 are	 separated	 1	 m	 each	 and	 located	 at	 a	 height	 of	 0.80	 m,	 as	 the	 red	 crosses	
indicate	 in	 Figure	 1.	 Different	 sets	 of	 radiance	 parameters	 appearing	 in	 Table	 3	 are	
compared	to	choose	the	most	appropriate	combination,	in	terms	of	run	time	and	accuracy	
of	the	results.		
	
Table	3.	Set	of	the	tested	radiance	parameters.	
Set	 Ambient	accuracy	
Ambient	
bounces	
Ambient	
division	
Ambient	
resolution	
Ambient	
sampling	
Limit	
reflections	
Runtime	
(min)**	
G
ro
up
	1
	 very	low	 0.15	 1	 512	 256	 128	 6	 -	
low	 0.1	 1	 1024	 256	 256	 12	 -	
medium	 0.1	 1	 2048	 512	 512	 12	 -	
high*	 0.1	 1	 2048	 512	 1024	 12	 -	
very	high*	 0.1	 1	 4096	 512	 1024	 12	 -	
G
ro
up
	2
	
h_ab2	 0.1	 2	 2048	 512	 1024	 12	 23	
h_ab3	 0.1	 3	 2048	 512	 1024	 12	 77	
h_ab4	 0.1	 4	 2048	 512	 1024	 12	 108	
h_ab5	 0.1	 5	 2048	 512	 1024	 12	 120	
h_ab6	 0.1	 6	 2048	 512	 1024	 12	 128	
h_ab7	 0.1	 7	 2048	 512	 1024	 12	 134	
G
ro
up
	3
	
vh_ab2	 0.1	 2	 4096	 512	 1024	 12	 46	
vh_ab3	 0.1	 3	 4096	 512	 1024	 12	 175	
vh_ab4	 0.1	 4	 4096	 512	 1024	 12	 269	
vh_ab5	 0.1	 5	 4096	 512	 1024	 12	 316	
vh_ab6	 0.1	 6	 4096	 512	 1024	 12	 329	
vh_ab7	 0.1	 7	 4096	 512	 1024	 12	 335	
Note:	*High	is	equivalent	to	h_ab1	and	very	high	to	vh_ab1.	**Runtime	is	for	calculations	at	the	centred	line	
sensors;	runtime	for	visualizations	was	considerably	raised	(3	or	4	times).	
	
The	 first	group	 is	based	on	 the	raytrace	quality	settings	of	Diva-for-Grasshopper	but	
with	ambient	bounces	 set	at	1.	 Figure	3a	displays	 the	 five	visualizations	 corresponding	 to	
this	group.	Thus,	 it	 can	be	observed	that	 the	high	 (h)	and	very	high	 (vh)	sets	get	 the	best	
image	resolutions.	Added	to	this,	some	CBDM	metrics	achieved	in	the	sensors	line	through	
these	 radiance	parameters	 are	 also	 compared.	As	 Figure	4a	displays,	 Continuous	Daylight	
Autonomy	(cDA)	metric	is	used	to	assess	the	results	of	the	first	group.	cDA	is	similar	to	DA	
but	unlike	DA,	cDA	awards	partial	credit	for	daylight	levels	below	a	user-defined	threshold	in	
a	linear	fashion	(Reinhart	et	al.	2006).	cDA	is	used	here	because	it	allows	to	appreciate	in	a	
better	way	 the	differences	among	 the	 test	 results.	 If	DA	had	been	used,	 its	values	 (which	
resulted	very	similar	in	these	sets)	would	be	unable	to	evidence	the	differences	in	group	1.	
cDA	results	confirm	that	the	h	and	vh	sets	raise	the	results.	Then,	both	sets	are	selected	for	
subsequent	comparison	of	different	ambient	bounces	values.		
	
Figure	3.	Visualizations	of	the	set	of	the	tested	radiance	parameters.	
	
Figure	4.	Results	derived	from	the	set	of	the	radiance	parameters.	
	
In	 the	 groups	 2	 and	 3	 (h	 and	 vh,	 respectively)	 of	 Table	 3,	 the	 ambient	 accuracy,	
ambient	division,	ambient	resolution,	ambient	sampling	and	 limit	 reflections	remain	 fixed.	
So,	just	the	ambient	bounces	(ab)	change	from	1	to	7.	The	difference	between	both	groups	
is	the	ambient	division	that	 increases	from	2048	in	h	to	4096	in	vh.	Figure	3b	displays	the	
first	 five	visualizations	of	h	group.	The	 last	two	(h_ab6	and	h_ab7)	are	not	rendered	since	
the	image	resolution	is	good	from	–ab	4.	Besides,	the	rendering	time	increases	considerably	
as	 –ab	 increases.	 Figure	 3c	 displays	 two	 visualizations	 of	 vh	 group	which	 are	 consciously	
selected	 for	 saving	 time.	 As	 Figure	 4	 (a	 and	 b)	 shows,	DA	 is	 used	 to	 compare	 the	 results	
between	 the	h	and	vh	groups	 for	 the	 seven	–ab	values.	Here,	 it	 can	be	observed	 that	DA	
achieves	 higher	 values	 starting	 from	 –ab	 5	 for	 both	 groups,	 h	 and	 vh.	 In	 Figure	 3,	 the	
visualizations	 h_ab5	 and	 vh_ab5	 can	 be	 compared,	 showing	 no	 significant	 differences	
between	the	 two	resolutions.	 	However,	 the	 run	 time	 increases	considerably	 in	vh_ab5	 in	
comparison	with	h_ab5	 (see	 runtime	 in	Table	3).	Thus,	 the	h_ab5	resolution	was	selected	
for	the	simulations	of	this	work.	
Results	
Figures	5a	and	5b	respectively	present	the	sDA	and	DA	results	obtained	for	several	shading	
configurations	and	for	the	two	baseline	designs:	the	renovated	one	with	increased	window	
height	(REF);	and	the	current	design,	before	refurbishment	(CUR).	Thus,	it	can	be	observed	
that	the	renovation	increases	the	workplane	percentages	with	sDA300,	sDA500	and	sDA750	and	
the	annual	time	percentages	with	DA300,	DA500	and	DA750,	on	the	two	levels.		
	
Figure	5.	Simulation	results.	
	
Regarding	 the	 louvred	 systems	 comparison,	 Figure	 5a	 shows	 the	 sDA	 results.	 At	
ground	 floor,	 all	 panels	 achieve	 sDA300	 in	 more	 than	 the	 55%	 of	 the	 workplane	
recommended	for	an	'acceptable'	space.	Besides,	almost	all	louvred	cases	(excepting	those	
with	a	visual	screening	of	100%	and	those	with	horizontal	slats	and	visual	screenings	of	70	
and	90%)	achieve	sDA300	 in	more	than	the	75%	recommended	for	a	 'preferred'	space.	For	
sDA500,	 only	 the	 visual	 screenings	 of	 45	 and	 34%	 get	 the	 55%	 required;	 also	 the	 visual	
screening	 of	 70%	 but	 just	 with	 vertical	 slats.	 For	 sDA750,	 no	 louvred	 panel	 reaches	 the	
workplane	percentages	required.	At	first	floor,	the	sDA	percentages	are	higher	than	in	the	
ground	floor	due	to	the	skylights.	Here,	all	louvred	panels	accomplish	the	75%	required	for	
sDA300	and	sDA500	(excepting	that	with	a	visual	screening	of	100%	and	horizontal	slats).	For	
sDA750,	 all	 vertical	 slats	 achieve	 the	 55%	 requirement;	 however,	 the	 horizontal	 slats	 only	
accomplish	 that	 percentage	 if	 the	 visual	 screening	 is	 of	 45	 and	 34%.	 Contrasting	 the	 two	
slats	 position,	 vertical	 slats	 trends	 to	 increase	 the	 three	 illuminance	 targets	 at	 the	
workplane.		
Figure	5b	summarizes	the	DA	results.	At	ground	floor,	all	louvred	panels	achieve	DA300,	
50%.	However,	only	the	louvres	with	visual	screenings	of	45	and	34%	reach	DA500	for	at	least	
50%	of	the	occupied	hours	 (in	short	DA500,50%)	and	no	 louvred	panel	gets	DA750	during	the	
50%	of	the	time	(in	short	DA750,50%).	At	first	floor,	all	percentages	of	DA	increase	due	to	the	
presence	of	skylights.	Then,	all	louvred	panels	achieve	DA300,50%	and	DA500,50%.	However,	only	
the	louvres	with	visual	screenings	of	45	and	34%	reach	DA750,50%;	also	the	visual	screenings	
of	70	and	90%	but	just	with	vertical	slats.	Once	again,	the	vertical	slats	raise	the	percentages	
of	the	occupied	hours	with	DA	at	the	three	illuminance	targets,	on	the	two	levels.		
As	Figure	5c	 indicates,	the	 increased	window	head	height	at	the	ground	floor	of	REF	
raises	the	total	UDI-a,	mostly	over	the	range	of	750-3000	lux,	in	relation	to	CUR	at	that	level.	
In	contrast,	the	renovation	at	the	first	floor	slightly	decreases	the	total	UDI-a	(although	the	
range	 of	 750-3000	 lux	 still	 increasing).	 At	 the	 two	 levels,	 the	 renovation	 in	 REF	 achieves	
lower	 percentages	 of	 UDI-n	 and	 UDI-s,	 in	 relation	 to	 CUR;	 however,	 UDI-x	 rises	 in	 both	
cases.	Regarding	the	 implementation	of	the	 louvred	panels	at	the	ground	floor,	UDI-n	and	
UDI-s	 increase	as	the	visual	screening	 increases.	At	this	respect,	 it	 is	noticed	that	with	the	
same	 visual	 screening,	 the	 UDI-n	 and	 UDI-s	 increments	 are	 higher	 with	 the	 horizontal	
louvres	 than	 with	 the	 vertical	 ones.	 Conversely,	 UDI-a	 increases	 as	 the	 visual	 screening	
decreases.	The	 three	UDI-a	bins	show	proportional	 reductions	 to	 the	 total	UDI-a	 referred.	
These	 reductions	 are	 higher	 with	 the	 horizontal	 slats.	 For	 UDI-x,	 all	 louvred	 panels	 get	
similar	 values	 to	 that	 obtained	 in	 the	 CUR	 status.	 Regarding	 the	 implementation	 of	 the	
louvres	 in	the	first	floor,	UDI-n	and	UDI-s	obtain	similar	results	 in	all	cases.	UDI-a	over	the	
ranges	of	300-500	 lux	and	500-750	 lux	slightly	decrease	as	the	visual	screening	decreases,	
with	 both	 vertical	 and	 horizontal	 louvres.	 In	 contrast,	 the	 750-3000	 lux	 bin	 and	 the	 total	
UDI-a	 increases	 as	 the	 visual	 screening	 decreases,	 and	 these	 increments	 are	 bigger	when	
using	the	vertical	louvres.	Once	again,	all	louvred	panels	get	similar	values	of	UDI-x	to	that	
obtained	in	the	CUR	status.	
Conclusions	
This	work	has	concluded	that	the	increased	window	head	height	results	in	improvements	to	
both	DA	and	sDA	(at	their	three	illuminance	targets)	on	the	two	levels.	Thus,	this	renovation	
will	 be	 useful	 for	 improving	 the	 absolute	 levels	 of	 daylighting	 for	 tasks,	 not	 just	 over	 the	
occupancy	 time	but	also	on	the	workplane.	Added	to	 this,	 the	renovated	windows	 let	 the	
total	UDI-a	rises	at	ground	floor	but	slightly	decreases	at	 first	 floor.	 In	spite	of	 that,	UDI-a	
over	the	range	of	750-3000	lux	shows	increments	in	both	levels.	As	regards	UDI-n	and	UDI-s,	
both	slightly	decreases	in	REF	at	the	two	levels.	These	improvements	are	because	daylight	
illuminances	are	higher	in	the	space	due	to	much	greater	direct	visibility	of	the	sky.		
When	considering	 the	aforementioned	metrics,	 the	optimum	solution	would	appear	
to	 be	 the	 refurbished	design	 (REF),	without	 any	 shading	device	 at	 all.	However,	 narrative	
evidence	 clearly	 identified	 an	 overheating	 issue	 in	 the	 building	 areas	 close	 to	 the	 South-
West	 façade,	 consequently	 indicating	 the	 need	 for	 shading	 devices.	 UDI-x	 reasserts	 this	
issue	 as	 its	 results	 rises	 from	 CUR	 to	 REF.	 Therefore,	 although	 it	 is	 recommendable	 to	
increase	 the	windows	height	because	of	 its	 contribution	with	 the	 increment	of	UDI-a,	 the	
renovation	should	be	accompanied	by	the	implementation	of	louvred	panels	for	keeping	the	
lowest	possible	UDI-x.	In	this	respect,	the	results	showed	that	the	use	of	louvred	panels	can	
reduce	UDI-x	at	similar	levels	of	CUR.	So,	the	UDI-x	increments	derived	from	the	increased	
windows	 can	 be	 minimized.	 In	 this	 case,	 a	 multi-objective	 optimisation	 could	 be	 more	
benefitial	 in	 aiding	 the	 designer	 judgement,	 rather	 than	 a	 single	 parameter	 one.	 For	
example,	the	best	visual	screening	solution	could	be	found	by	a	combination	of	the	highest	
UDI-a	and	the	lowest	UDI-x.	Future	research	could	further	explore	these	approach.	
Additionally,	 this	 investigation	 can	 contribute	 with	 other	 conjectures	 to	 evaluate	
design	proposals	 for	 KGB.	 First,	 depending	on	 the	 activities	 prioritized	 in	 the	KGB	 spaces,	
one	 illuminance	 target	 could	 be	 selected	 among	 the	 three	 options	 studied.	 Thus,	 the	
implemented	 louvred	 panels	 could	 be	 coupled	 with	 the	 goal.	 Second,	 different	 visual	
screenings	 are	 recommended	 to	 use	 at	 the	 ground	 and	 first	 floors.	 In	 the	 former,	 visual	
screenings	of	70,	45	and	34%	are	better	suited	as	they	achieves	the	55%	of	the	workplane	
with	sDA500	(which	is	the	medium	target	illuminance).	Higher	values	of	visual	screening	will	
reduce	 the	daylit	 area	on	 the	workplane.	Besides,	 these	 three	visual	 screenings	 get	DA500	
and	UDI-a	at	least	50%	of	the	occupied	hours.	Higher	percentages	of	visual	screening	reduce	
the	 time	percentages	with	useful	 illuminances.	 Regarding	 the	 first	 floor,	 the	 skylights	 rise	
the	 illuminances	 and	 minimize	 the	 effect	 of	 the	 louvred	 panels.	 Therefore,	 all	 visual	
screenings	 result	 in	 similar	 sDA	 percentages	 and	 all	 cases	 get	 more	 than	 55%	 of	 the	
workplane.	Moreover,	DA500	and	UDI-a	are	reached	for	at	least	50%	of	the	occupied	hours	
with	all	visual	screenings.	
On	the	other	hand,	the	analysis	indicate	that	the	position	of	the	slats	can	improve	the	
daylight	illuminances	on	the	workplane	and	also	over	the	occupied	period.	Accordingly,	sDA,	
DA	and	UDI	(at	their	three	illuminance	targets)	reach	higher	values	with	vertical	slats	than	
with	horizontal	ones.	For	some	illuminance	targets,	the	use	of	vertical	slats	allow	achieving	
the	recommended	percentages	of	the	CBDM	metrics	even	with	a	high	visual	screening.	This	
is	an	important	point	to	consider	in	the	KGB	renovation,	especially	since	the	louvred	panel	
will	 be	 implemented	on	 the	 South-West	 façade.	 Finally,	 this	work	 tested	different	 sets	of	
radiance	 simulation	 parameters.	 Results	 derived	 from	 sDA,	 DA	 and	 cDA	 revealed	 that	
effectiveness	 of	 convergence	 testing	 depends	 strongly	 on	 the	 choice	 of	 CBDM	 metrics	
employed	 as	 a	 diagnostic	 –	 an	 important	 consideration	 when	 modelling	 light	 transfer	
through	 louvres.	 This	 is	 because	 the	 aforementioned	 metrics	 account	 the	 annual	
percentages	of	 the	workplane/occupancy	 time	 that	achieve	 certain	 range	of	 illuminances.	
Therefore,	they	are	not	showing	the	absolute	values	of	the	annual	illumination	and	cannot	
help	 to	highlight	 some	differences	between	the	 tested	cases.	Further	 investigation	will	be	
developed	on	this	basis.	
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